ABSTRACT
INTRODUCTION
Environmental conditions play an active role in plant production. Abiotic stress such as drought, high temperature, soil salinity, chilling may decrease agricultural prolificacy. Plants can manage to survive under adverse circumstances with secondary metabolites. Water is also important in the growth and productivity of medical and aromatic plants similar to many cultivated plants. Especially water deficiency is important problem on medicinal and aromatic plants in growing season. Although lack of water reduced yield of aerial parts, it can enhanced accumulation of more metabolites to prevent from oxidization damage in plant tissues (Farahini et al., 2009; Bettaieb et al., 2011; Manukyan, 2011; Abdelmajeed et al., 2013) . Salvia officinalis L. (sage) is one of the economically important species in Lamiaceae family that sage is a perennial woody sub-shrub and blue to purplish flowers. It is used for many purposes in ancient times. Leaves of Salvia officinalis L. are consumed in foods, drugs and perfumery industries and they have antioxidative properties. Additionally, other significant effects are antibacterial, fungistatic, virustatic, astringent, hypoglycemic and cytotoxic activities (Bernotiene et al., 2007; Bettaieb et al., 2009; Zervoudakis et al., 2012; Corell et al., 2012; Porte et al., 2013; Tosun et al., 2014; Said-Al Ahl et al., 2015) . Salvia officinalis L. is native to the Mediterranean region and sage is cultivated in several countries but it is not widely found in the Turkish natural flora. It can easily grow in the western coast of Anatolia.
The aim of this study was to investigate the effect of irrigation arrangements and nitrogen applications on herbal yield, quantity of essential oils and antioxidant capacity of Salvia officinalis L. under the field conditions in the Mediterranean climate zone of Turkey.
MATERIALS AND METHODS
The field experiment was conducted in 2012 and 2013 in the Department of Field Crops, Faculty of Agriculture, Ege University, located at Bornova-İzmir. The temperature, rainfall and humidity of the growing years are shown in Table 1 . The mean annual temperature was 18.6 and 18.5°C, and the total annual precipitation was 799.3 and 854.7 mm in 2012 and 2013, respectively. The soil texture was classified as clayey-loamy and pH: 8.7 in soil surface, it was classified as clayey-sandy, pH:
7.8 in 20-40 cm soil depth. A summary of soil chemical properties was presented in Table 2 . The seeds of Salvia officinalis L. var. Extrakta obtained from in Germany were sown into a mixture of sand, manure and mulch (1:1:1) on November 22, 2010. When the sage seedlings reached about 10 cm in plant height, they were transferred to the experimental plots on April 4, 2011. The field trial was arranged in two-factor split-plot experimental design with four replications. Experimental factors were water regimes of main plot: S1 (irrigated when it is needed), S2 (20 days dry before harvesting) and S3 (40 days dry before harvesting) and the nitrogen applications were used as sub-plots (0 kg ha -1 and 60 kg ha -1 ). Nitrogen as ammonium sulphate was applied in two equal splits, at one split spring and other after the first cutting in two years. Each plot consisted of six rows with a 3 m length and 40 cm × 20 cm of plant spacing. Total amount of water application (dripping irrigation) was measured by flow meter for each irrigation traits in the dry seasons. Table 3. gives detailed information about the experiment. Plant height (cm): The plant was measured from the soil surface to the top level of the plant before each harvest.
Fresh herbage yields (kg ha -1 ): The plants were harvested by hand with a saw knife, 10 cm above the surface, and immediately weighed for the obtained plot yields. Then the plot yield was converted to a yield for a hectare.
Drug herbage yields (kg ha -1
): A sample of 500 g of green herb was taken from each plot. The samples were dried at 35
• C for 72 h to determine its dry weight.
Drug leaf yields (kg ha -1 ):
A sample of 500 g green herbs was taken from each plot. The leaves of the samples were separated from the stems by hand and weighed. The leaves were dried in an oven at 35 ˚C for 72 h to determine the dry weight.
Essential oil content (%): Dry leaf materials of 10 g were subjected to a 3 h water-distillation using a NeoClevenger apparatus, and the extracted essential oils were stored at 4
• C until the gas chromatography (GC) analysis. The essential oil ratios of the plants were determined by a volumetric method (ml/100 g) (Wichtl, 1971) .
Composition of the essential oil (%):
The gas chromatography (GC) analysis for essential oil compounds was performed using an Agilent 6890 N chromatograph, equipped with flame-ionization detection (GC-FID). The compounds were separated on a 30 m × 0.25 mm, 0.25 µm film thickness, DB-Wax capillary column, with helium as a carrier gas at a constant flow rate of 1 mL/min. The oven temperature program was 45 
Antioxidant activity (μmol FRAPgDM):
The analysis of antioxidant capacity by Ferric Reducing Antioxidant Power (FRAP) was conducted in accordance with Benzie and Strain (1999) . Dry leaves (0.5g) were ground with 20 mL 80% (v/v) ethanol and then centrifuged for 20 min at 4 ºC. The reaction was started by adding 0.05 mL extract to 1.50 mL FRAP reagent and 0.15 mL distilled water. The absorbance of the reaction mixture was measured spectrophotometrically (Cary 50®) at 593 nm. The results were expressed as μmoles FRAP in 1 g dry matter.
Statistical analysis: All data were statistically analyzed using the TOTEMSTAT Statistical program (Acikgoz et al., 2004) . The treatment means were compared by using the LSD test as described by Steel and Torrie (1980) .
RESULTS AND DISCUSSION
The result of plant height was summarized in Table 4 . In general, the plant height was affected significantly by irrigation applications and nitrogen doses. According to general average the highest plant height was obtained during S1 application as 48.91 cm and nitrogen application increased the plant height in 2012. In second year, not only S1 and S2 irrigation treatments but also nitrogen application incerased the plant height. For both study years, the average mean of the plant heights decreased significantly with decreasing of water amount and without nitrogen. Analysis of data collected during two years revealed that plant height increased significantly and positively with irrigation frequency and nitrogen doses. When both cutting and annual general averages for the 2012 and 2013 years of this study were examined, it was determined that the nitrogen application increased the plant height. The increase of water restriction before the harvest caused to decrease of plant height values. According to the comparison of the first cutting and the second cutting of the research years, the highest of plant height was observed in first cutting, it is considered to be the effect of the winter and spring rains before the irrigations treatments. Many researchers (Koc, 2000; Ozturk et al., 2004; Oktay Koc., 2006; Ipek, 2007; Bettaieb et al., 2009; Ekren et al., 2011; Fathi et al., 2012; Bahreininejad et al., 2013) reported similar result on Salvia officinalis L. and members of Lamiaceae family, too.
The irrigation treatment x applying nitrogen interaction affected the fresh herbage yield significantly (p<0.01) in 2012 and 2013 (Table 5 ). The maximum fresh herbage yield (43073.9-39827.5 kg ha -1 ) were observed in plots which received S1 (irrigated when it's needed) with 60 kg ha -1 of nitrogen fertilizer. It can be said that interactions of S2 x 60 kg ha -1 N in both year's and S1 x 0 kg ha -1 N in the first year at second harvest and each harvest in the second year's values had second higher fresh herbage yields. Also, the treatment of S3 with no fertilizer application had the lowest fresh herbage yield. This can be related to the fact that nitrogen fertilizer and soil moisture improve soil physical and chemical properties which are effective on vegetative growth. Several studies showed that nitrogen application enhanced biomass on Salvia officinalis L. plants of aerial parts (Ceylan et al., 1979; Putievsky et al., 1986; Ceylan et al., 1994; Koc, 2000; Oktay Koc, 2006; Ipek, 2007) until critical dosage. Bettaieb et al. (2009) investigated different irrigation water levels (I100:100%, I50:50% and I25:25% of field capacity) on Salvia officinalis L. They found that fresh biomass increasingly correlated with amount of soil water so finds that the amount of soil water enhanced plant biomass. In other study, Bettaieb et al. (2011) determined the effect of water deficit (moderate and severe water deficits) on sage plant. Their result show that increasing in water scarcity led to the reduced production of fresh weight. Lier (1999) point out that water deficit can affect related to growth properties and water deficits cause to close stomata and limit the photosynthesis. So the most significant general effects of water deficiency are the reduction in plant size, leaf area, and crop yield. Fresh herbage yield was ascended by diminishing of irrigation interval and applying of nitrogen fertilizer in our research. In the presented study, it can be claimed that our result is harmonies in the light of these literatures.
The result of drug herbage yield was shown in Table 6 . Irrigation x nitrogen applications interaction recorded significantly higher drug herbage yield of 11629.0 kg ha -1 S1x60 kg ha -1 as compared to the rest of the combination in first year of total yield. Before harvesting, 40 days dry treatment coupled with no nitrogen application resulted in the lowest drug herbage yield (6503.2 kg ha -1 ). Various irrigation intervals had highly significant effect (p<0.01) on drug herbage yield in 2013. The maximum drug herbage yield was obtained from S1 applications as 10178.9 kg ha -1 . It also evident from data that drug herbage yield was affected (p<0.01) by nitrogen. Nitrogen was increased total yield as 10175.6 kg ha -1 . Ceylan et al. (1994) studied the effect of nitrogen doses on sage and they found that drug herbage yield varied from 5580 to 7130 kg ha -1 . Koc (2000) mentioned that increasing of nitrogen quantities enhanced the drug herbage yields. Khalil et al. (2008) reported the same results on sage. Bettaieb et al. (2009) found that the increases in water deficiency affected negatively the amount of drug herbage in sage. Many studies showed production of aerial parts of Lamieceae member plants related with water volumes. Water deficiency in soil reduced the drug herbage yield (Arabaci, 1995; Baher et al. 2002; Ozturk et al. 2004; Bettaieb et al. 2009; Farahani et al.2009; Ekren et al. 2012; Bahreininejad et al. 2013 ). This could be a result of reduction in the chlorophyll content and photosynthesis activity. The result of this study was generally in agreement with the ones reported by Arabaci. Bahreininejad et al. (2013) . Our dry herbage yield values were higher than the values reported by Ceylan et al. (1994) ; Koc, (2000) and Khalil et al. (2008) because of different climate, environmental factors and the homogeneous material used in this research.
The yields of drug leaf yields of different nitrogen and water applications for 2012 and 2013 are evaluated statistically and the results of analysis are shown in Table  7 . Interaction between two factors was found significant for drug leaf yields in 2012. The annual total leaf yield data are statistically important, it was determined that the S1 water treatment with nitrogen application had the highest drug leaf yield as 8123.5 kg ha -1 . In terms of total drug leaf yield main effect of irrigations intervals and nitrogen levels have showed great variations at p<0.01 in 2013. The highest drug leaf yields were observed from S1 water treatments as 7662.9 kg ha -1 . Nitrogen fertilizer application was increased total drug leaf yield as7631.4 kg ha -1 . Baher et al. (2002) and Khazaie et al. (2008) The essential oil ratio was given Table 8 . The interaction between water treatment and nitrogen fertilizer significantly affected average of essential oil content in 2012. The highest average essential oil content of Salvia officinalis L. var. Extrakta was obtained from S3 x 60 kg ha -1 application as 1.96%. Second higher value was found from same irrigation application without nitrogen as 1.74%. In 2013 growing season, the effects of different irrigation intervals with N applications were significant on essential oil ratio at 1% probability level. The treatments of water applications of general average had higher essential oil content as 2.07 and 1.97%, respectively, S3 and S2 treatment were in the same statistical group. Essential oil rate increased with decreasing in irrigation level. In other words, volatile oil accumulation was positively affected by low soil moisture.
The chemical composition of the essential oil was obtained by GC from sage leaves. The data are shown in Table 9 . α-thujone was a dominant compound (25.09-34.33%) followed by camphor (15.16-34.59%), β-thujone (5.23-12.58%) and 1.8-cineole (2.85-9.48%) both harvests in 2012. Minor components including borneol (2.54-6.90%) and linalool (2.24-5.72%) were also detected. In the second year, the leaf essential oil of Salvia officinalis L. plants showed that main constituents were not changed but represented different quantities. The findings indicate that α-thujone was determined between 14.00 and 36.17%. The other significant compound, camphor, was varied from 18.00% to 28.87%. β-thujone (3.86-9.01%) and 1.8-cineole (0-6.40%) were also detected, however their values found to be less than the amount detected in the previous year. Bettaieb et al. (2009) reported that there is no information about how it is affected main constitutes by water deficiency on Salvia officinalis L. and variations ofthujone, ß-thujone and camphor were not clear about restriction of water treatment. Also, Azizi et al. (2009) stated that it is difficult to fully explain the effects of essential oils components of the water restrictions. The different water regimes altered the content of some essential oil components. Major constituents were found in different amounts such as -thujone (32.10-%42.72), camphor (13.93-17.09%), ß-thujone (8.62-16.17%), 1.8 cineole (4.11-7.97%) and borneol (1.62-2.60%). In the presented study, major compounds were the same as the literatures although amount of basic components were variable in water treatments on Salvia officinalis L. plants. The antioxidant capacity was not significantly affected by the nitrogen doses and irrigation treatments. The highest value was obtained from 20 days of drying period before harvesting with 60 kg ha -1 of nitrogen fertilizer in both years (Figure 1. ). On the other hand, our results indicated that reducing of irrigation interval caused enhancement of stress severity. Salvia officinalis L. plants contain important polyphenols which increase the biosynthesis under water deficit and play significant role in plant resistance (Bettaieb et al. 2011; Manukyan 2011; Pellegrini et al. 2015) . Munne-Bosch et al. (2001) reported that antioxidant molecules are responsible for avoiding drought damage in plants. Antioxidant activity (Nakatani, 2003) , tend to increase on sage plants in the lack of rainfall during summer season in Mediterranean field conditions. In generally our result were in accordance with literature.
CONCLUSIONS
The results of the research showed that irrigation water and nitrogen fertilizer are important effects on growth and development characteristics in sage. When water restriction was increased and nitrogen application is not done, the plant growth was decreased as the fresh herbage and drug herbage yield were reduced. One of the most important indicators of the defense mechanism of plants in stress conditions is the synthesis of volatile oils. It could be concluded that decreasing soil moisture might lead to increase in the essential oil amount and antioxidant capacity at the same time.
In conclusion, it is important to determine the effects of limited water use and crop water relations on yield and quality criteria for medicinal and aromatic plant growth when the global warming threat increases and the water resources are reduced. It could be concluded that the yield and quality characteristics of plants with nitrogen fertilizer and the S2 water application were distinguished.
